Introduction
============

Colorectal cancer (CRC) is one of the most common malignant cancers in the world, with about 1.4 million new cases and more than 690,000 deaths per year.[@b1-ott-11-1571] Many patients with CRC were diagnosed at an advanced stage, because of a lack of mass screening. Distant metastasis, especially peritoneal and liver metastasis, is the main cause of death in CRC. CRC metastasis directly leads to poor prognosis in patients, and the median survival time was only 5--9 months.[@b2-ott-11-1571],[@b3-ott-11-1571] Because of early screening and treatment, decreasing CRC mortality rates have been observed in some countries worldwide.[@b4-ott-11-1571],[@b5-ott-11-1571] Therefore, if we can fully apply tumor molecular biological research, and select some novel molecular markers for early screening, the positive predictive value for early diagnosis and the clinical prognosis of CRC will obviously be improved.[@b6-ott-11-1571],[@b7-ott-11-1571]

In CRC, there are a large number of differentially expressed genes between primary tumors and metastases. Further clarifying the molecular mechanism of CRC distant metastasis is of great significance.[@b8-ott-11-1571] Therefore, we used gene chip technology to compare the difference of genome-wide expression levels in four pairs of CRC primary tumor tissues and corresponding peritoneal metastasis tissue, and determined the differentially expressed genes through multiple methods, and performed functional annotation cluster analysis for these genes. Ultimately, 217 differentially expressed genes were selected ([Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=160196FS1.jpg)).[@b9-ott-11-1571] Through bioinformatics analysis, quantitative polymerase chain reaction (QPCR) and immunohistochemistry (IHC) technology verification, we found two genes, CTHRC1 and COL10A1, as the metastasis relevant candidate genes of CRC.[@b9-ott-11-1571] In the previous studies, we had confirmed that CTHRC1 was abnormally high in CRC and it was an independent risk factor for CRC prognosis.[@b9-ott-11-1571],[@b10-ott-11-1571]

COL10A1, a protein in humans, is a member of the collagen family. The COL10A1 gene "encodes the alpha chain of type X collagen, a short chain collagen expressed by hypertrophic chondrocytes during endochondral ossification".[@b11-ott-11-1571] COL10A1 gene mutation is associated with Japanese type spondylometaphyseal dysplasia and Schmid type metaphyseal chondrodysplasia.[@b12-ott-11-1571]--[@b15-ott-11-1571] We found that COL10A1 mRNA expression level in CRC was increased through a meta-analysis of about 12 studies of CRC transcriptome sequencing in the Oncomine database ([Figure S2](http://www.dovepress.com/get_supplementary_file.php?f=160196FS2.jpg)). Meanwhile, all available online data on the Prognoscan website showed that the expression of COL10A1 was connected with overall survival (OS) and disease free survival (DFS) ([Figure S3](http://www.dovepress.com/get_supplementary_file.php?f=160196FS3.jpg)). High COL10A1 expression was observed in various solid human tumor tissues, and it was likely to be associated with tumor angiogenesis.[@b16-ott-11-1571] Additionally, in the early diagnosis of CRC, the concentration of COL10A1 in the peripheral blood could be considered as a potential biomarker.[@b17-ott-11-1571] However, the relationship between COL10A1 and CRC remains unknown, and the specific role of COL10A1 in cancer is unclear.

Our aim was to further research the expression characteristics of COL10A1, to explore its mechanism to promote proliferation and invasion in CRC, and to preliminarily clarify the clinical interrelation between COL10A1 and CRC.

Materials and methods
=====================

Clinical tissue samples and cell lines
--------------------------------------

Human CRC samples were obtained from the Department of General Surgery at Nanfang Hospital (Guangzhou, China). Tissue samples collected from CRC patients who underwent surgical resection were immediately transported in liquid nitrogen and stored at −80°C for further use. Adjacent normal tissues, as normal control in this study, were at least 5 cm away from the tumor border and ensured that they were free of tumor deposits.[@b18-ott-11-1571] All tissues were obtained for scientific research. Written informed consent was obtained from all patients included in the study. The study protocol was reviewed and approved by Medical Research Ethics Committees of Nanfang Hospital, Southern Medical University. Five CRC cell lines, HCT116, Caco2, SW480, SW620, and LoVo, and normal colorectal mucosa cells, FHC, were purchased from the American Type Culture Collection (ATCC) Cell Biology Collection. All cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM) (HyClone, Logan, UT, USA) with 10% fetal bovine serum (FBS; Gibco, Brazil) at 37°C in a 5% CO~2~ incubator.

Immunohistochemistry, Western blot, and real-time QPCR
------------------------------------------------------

The standard two-step IHC technique was performed to qualitatively and quantitatively detect the expression of COL10A1 protein in CRC samples.

Total proteins, extracted from tissue samples and cells by using a RIPA lysis buffer, were separated on SDS-PAGE gels and transferred to polyvinylidene fluoride membranes. The membranes were blocked in 5% skim milk for 1 h and then probed with primary antibodies against COL10A1, E-cadherin, N-cadherin, Beta-catenin, Slug, Snail, and GAPDH (Cell Signaling Technology, CST, Danvers, MA, USA) at 4°C overnight, followed by the secondary rabbit or mouse antibody (CST) for 1 h. Enhanced chemiluminescence (ECL) kit (Millipore, Billerica, MA, USA) was used to visualize the protein bands.

Total RNA, including miRNAs, was extracted using RNAiso Plus reagent (Takara, Japan). To compare the different expression of COL10A1 between tumor and normal tissues, we performed reverse transcription--polymerase chain reaction (RT-PCR) and QPCR, respectively, by using a PrimeScript RT Master Mix Perfect Real Time Kit (Takara) and SYBR Premix Ex Taq II Kit (Takara) according to the manufacturer's instructions.

Cell transfection experiment
----------------------------

HCT116 and LoVo cells were cultured in 6-well plates. When cells convergence degrees reached about 70% and were in good condition, COL10A1 overexpressed (OE) plasmids (GeneChem, Shanghai, China) mixed with serum free medium were transfected by using Lipofectamine3000 as a transfection reagent, according to the corresponding instruction. The same vectors with an empty sequence were transfected into HCT116 and LoVo cells as a negative control (NC). After 48\~72 h transfection, the cells could be used for further study. Small RNA interference (siRNA) technology was used to interfere the expression of COL10A1 in cells. Through the verification of Western blot and QPCR assays, the siRNA (GenePharma) with highest effect was used to design lentivirus expressing COL10A1-siRNA. We transfected the lentivirus into SW480, SW620 cells to establish CRC cell lines with stable knockdown (KD) of COL10A1 (SW480-COL10A1-KD, SW620-COL10A1-KD). SW480-NC and SW620-NC cells were constructed by transfection of negative control siRNA with a random sequence.

Wound healing assay
-------------------

Cells were seeded into 6-well plates to 80%--85% confluence and scratched with a 200 μL pipette tip to create a straight scratch. After the scratch, images were taken at 0, 24, 36, and 48 h to assess the migration abilities of different treatment cells.

Cell migration and invasion assays
----------------------------------

After transfection with the COL10A1-OE plasmids or lentivirus for 48 h, 5×10^4^ cells were seeded in 200 μL serum-free medium, and added to the top chambers in 24-well plates (Corning, Corning, NY, USA); 500 μL 10%--20% FBS were added to the lower chamber to induce the cells migration. Each chamber was coated freshly with 50 μg Matrigel (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) before performing the invasion assay. After 24 h, the cells were fixed by using 4% paraformaldehyde and stained with 0.5% crystal violet. The numbers of migrated and invasive cells were calculated in five random fields per well with an inverted light microscope.

Cell counting kit 8 (CCK-8) assay and clone formation assay
-----------------------------------------------------------

SW480-COL10A1-KD/NC cells were seeded into 96-well plates at a density of 3,000 cells per well and cultured for 24 h in DMEM plus 10% FBS at 37°C and 5% CO~2~. After 6, 18, 30, 42, 54, and 66 h, 10 μL CCK-8 solution (Donjindo, Kumamoto, Japan) was added to each well, then the plates were incubated for 2 h in the incubator. The absorbance data (OD value) at a wavelength of 450 nm was collected for cell viability analysis. This experiment was repeated three times. SW480-COL10A1-KD/NC cells were seeded and incubated into six-well plates for 2\~3 weeks at 37°C. When the clones were visible to the naked eye, the culture was terminated and the cells were carefully washed with phosphate buffered saline twice and stained with 0.5% crystal violet solution. The number of colonies was counted directly by the naked eye or by a microscope (low magnification). Plate clone formation efficiency=(number of colonies/number of cells inoculated)×100%.

Tumor growth assay in vivo
--------------------------

Nude mice aged 4--6 weeks were purchased from the Experimental Animal Center of Southern Medical University. To conduct an animal tumorigenesis assay, SW480-COL10A1-KD cells and the SW480-NC cells in 0.2 mL serum-free medium were subcutaneously injected into the right flank of nude mice (six mice in each group). Six days after injection, the tumor volumes were continuously measured every 4 days until 30 days after injection by the formula: 0.5×length×width[@b2-ott-11-1571]. All nude mice were specific pathogen free and housed in a clean environment. All procedures involving animals and their care in this study were undertaken in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals, and approved by the Southern Medical University Institutional Animal Care and Use Committee.

Tissue microarray (TMA)
-----------------------

The TMA, involving a total of 197 CRC patients who underwent colorectal resections from November 2013 to June 2014 in Nanfang Hospital, Southern Medical University (Guangzhou, China), was applied to analyze the clinical prognostic correlation between COL10A1 expression and CRC patients. The analyses were base on the data of tumor, node, and metastasis stage, tumor size, OS, and so on of patients. IHC staining of COL10A1 was assessed by three observers using the same microscope (OLYMPUS BX51, Olympus Corporation, Tokyo, Japan). We classified the COL10A1 staining into four degrees: negative, weak, moderate, and intense staining. We defined that tissues with negative and weak staining were low COL10A1 expression, while moderate and intense staining were high COL10A1 expression.

Statistical analysis
--------------------

Data were presented as mean ± SD and were analyzed by SPSS 22.0 and GraphPad Prism 5.0 for windows. Data statistical evaluation was performed by using the *t*-test. Survival curves were calculated using the Kaplan--Meier method and log-rank test. Cox proportional hazards regression was applied to confirm independent factors with a significant influence on CRC patient survival. Significant differences were considered when *P*-values\<0.05.

Results
=======

COL10A1 is significantly upregulated in CRC tissues compared with normal tissues
--------------------------------------------------------------------------------

The expression level of COL10A1 was detected in 40 paired CRC tissues and adjacent normal tissues by QPCR and Western blot assays. The results of Western blot analysis showed that COL10A1 was frequently up-regulated (33 of 40, 82.5%) in CRC tissues (T) compared to adjacent normal tissues (N) (*P*\<0.001; [Figure 1A](#f1-ott-11-1571){ref-type="fig"}). The QPCR results showed that COL10A1 expression was up-regulated in 25 of 40 (62.5%) CRC tissues, compared with corresponding nontumorous tissues ([Figure 1B](#f1-ott-11-1571){ref-type="fig"}). Moreover, we performed the further verification through IHC assay with 30 CRC patient specimens. We scored them according to the intensity of the staining (negative: 0; weak: 1; moderate: 2; intense: 3). The same result was observed that CRC tissues staining were obviously deeper (higher scores) than the corresponding normal tissues, indicating that COL10A1 was stably high expressed in CRC tissues (*P*\<0.001; [Figure 1C](#f1-ott-11-1571){ref-type="fig"}).

Overexpression of COL10A1 motivates migration and invasion of CRC cell in vitro
-------------------------------------------------------------------------------

The expression of COL10A1 in six cell lines -- HCT116, Caco2, SW480, SW620, LoVo, and FHC -- was detected by QPCR and Western blot assays. The results were accordant that COL10A1 was high expressed in SW480, SW620 cells and relatively low expressed in the others cell lines ([Figure 2A](#f2-ott-11-1571){ref-type="fig"}). Therefore, we chose HCT116 and LoVo cells to structure HCT116-COL10A1-OE and LoVo-COL10A1-OE cell lines, while SW480 and SW620 cells were used to generate SW480-COL10A1-KD and SW620-COL10A1-KD cell lines by transfecting with COL10A1 siRNA lentivirus. The transfection efficiency was detected by QPCR and Western blot assays (all *P*\<0.01; [Figure 2B and C](#f2-ott-11-1571){ref-type="fig"}). The cell migration rate was measured by wound healing assay. The migration rate and ability was markedly increased in HCT116-COL10A1-OE (*P*\<0.01) and LoVo-COL10A1-OE (*P*\<0.001) cells, and, inversely, reduced in SW480 (*P*\<0.01), SW620 (*P*\<0.001) cells when COL10A1 was knockdown compared with respective NC groups ([Figure 2D and E](#f2-ott-11-1571){ref-type="fig"}). The same results were observed by Transwell chamber migration assay and invasion assay (all *P*\<0.001, [Figure 2F and G](#f2-ott-11-1571){ref-type="fig"}). Consequently, it was shown that COL10A1 dramatically increased the ability of migration and invasion ability in CRC cells.

COL10A1 promotes tumor cells proliferation in vitro
---------------------------------------------------

CCK-8 assay and clone formation assay were performed to investigate the effect of COL10A1 on CRC cells proliferation. In CCK-8 assay, the proliferation ability was markedly reduced in SW480-COL10A1-KD cells compared with SW480-NC cells (*P*\<0.01, [Figure 3A](#f3-ott-11-1571){ref-type="fig"}). Moreover, the number of colonies was significantly reduced in SW480 cells when COL10A1 was knocked down compared with the NC groups (*P*\<0.001, [Figure 3B](#f3-ott-11-1571){ref-type="fig"}). Therefore, knockdown of COL10A1 inhibited CRC cells proliferation.

COL10A1 promotes tumor cells growth in vivo
-------------------------------------------

For exploring the effect of COL10A1 on CRC cells growth in vivo, the stable transfection cells SW480-COL10A1-KD and SW480-NC cells were injected subcutaneously into the right flank of nude mice. After 30 days' repeated observation and measure, we found that the tumor growth rate of the SW480-COL10A1-KD group was evidently slower than that of the SW480-NC group (*P*\<0.001, [Figure 3C](#f3-ott-11-1571){ref-type="fig"}). The results showed that knockdown of COL10A1 repressed the CRC cells growth in vivo.

COL10A1 accelerates EMT in CRC
------------------------------

Western blotting was performed to explore the potential relation between COL10A1 and EMT phenomenon. EMT indicators were detected including E-cadherin, N-cadherin, Beta-catenin, Slug, and Snail. Western blot analysis showed that COL10A1 overexpression promoted EMT in LoVo and HCT116 cell lines, and, on the contrary, EMT was suppressed in SW480, SW620 cell lines when COL10A1 was knocked down ([Figure 4](#f4-ott-11-1571){ref-type="fig"}). Therefore, COL10A1 was a positive regulator for the EMT process.

COL10A1 overexpression relates to adverse prognosis in CRC
----------------------------------------------------------

The TMA involving a total of 197 CRC patients with clinical baseline data ([Table S1](http://www.dovepress.com/get_supplementary_file.php?f=160196TS1.pdf)) was used to research the clinical prognostic relevance of COL10A1 expression in CRC by IHC analysis ([Figure 5A](#f5-ott-11-1571){ref-type="fig"}). The results showed that the expression of COL10A1 in CRC had a high relevance with prognosis and OS. According to the Kaplan--Meier Log-rank test, abnormal upregulated expression of COL10A1 (*P*=0.004) related to poor OS ([Figure 5B](#f5-ott-11-1571){ref-type="fig"}). Univariate Cox regression model analysis showed that poor survival was significantly correlated with tumor size (hazard ratio, HR=2.10, 95% confidence interval, 95% CI=1.18--3.76; *P*=0.012), differentiation (HR=2.22, 95% CI=1.13--4.38; *P*=0.021), invasion degree (HR=3.20, 95% CI=1.26--8.09; *P*=0.014), nodal metastasis (HR=3.25, 95% CI=1.77--5.96; *P*\<0.001), M (metastasis) stage (HR=7.20, 95% CI=3.92--13.21; *P*\<0.001), American Joint Committee on Cancer (AJCC) stage (HR=5.13, 95% CI=2.60--10.11; *P*\<0.001), and COL10A1 expression (HR=2.28, 95% CI=1.28--4.06; *P*=0.005). Multivariate survival analysis was performed based on the results of the univariate survival analysis. Through adjustment, tumor size, differentiation, AJCC stage, and COL10A1 expression were confirmed as covariates in multivariate analyses. Because of the interactions with AJCC stage, colorectal wall invasion degree, nodal metastasis, and M stage were excluded from the multivariate survival analysis. According to the results of multivariate analysis, AJCC stage (HR=4.71, 95% CI=2.36--9.39; *P*\<0.001) and COL10A1 expression (HR=2.04, 95% CI=1.11--3.74; *P*=0.022) were considered to be independent risk predictors for poor OS ([Table 1](#t1-ott-11-1571){ref-type="table"}). The analysis results of clinical samples and TMA showed that COL10A1 was associated with prognosis and survival of patients with CRC.

Discussion
==========

Even though COL10A1 was reported to be highly expressed in tumors by high throughput sequencing, such as gene chip,[@b8-ott-11-1571],[@b17-ott-11-1571] the specific role of COL10A1 in CRC was unknown. A preliminary understanding was that COL10A1 expression was restricted in most normal tissues and elevated in many diverse tumor types, such as colon cancer,[@b17-ott-11-1571] esophagus cancer,[@b19-ott-11-1571] and breast cancer,[@b20-ott-11-1571] and was associated with tumor vasculature by immunofluorescence studies.[@b16-ott-11-1571] COL10A1 protein levels in serum might be a potential diagnostic predictor for early detection of colon cancer. This means it has potential value in clinical application.[@b17-ott-11-1571]

The study in this article was conducive to learn the molecular mechanism of COL10A1, which promoted CRC progression. Through IHC, Western blot, and real-time Q-PCR assays, we have confirmed that COL10A1 was significantly elevated in CRC tissues compared with adjacent normal tissues. To further explore the biological function of COL10A1 in CRC, we constructed stable CRC cell lines with overexpression or knockdown of COL10A1 by cell transfection experiments. Through a series of functional experiments in vivo and in vitro, we gradually understood the role of COL10A1 in CRC. The results showed that the invasion and migration ability of LoVo and HCT116 cells with overexpressing COL10A1 were significantly upregulated compared with LoVo-NC and HCT116-NC cells. On the contrary, the invasion and migration ability were significantly downregulated in SW480 and SW620 cells with COL10A1 knockdown compared with SW480-NC and SW620-NC cells. In tumor growth assay of nude mice, the tumor growth speed of the SW480-COL10A1-KD group was evidently slower than that in the NC group.

Collagen is one of the major components of the tumor microenvironment. EMT plays an important role in the process of tumor invasion and metastasis.[@b21-ott-11-1571] Collagen, tumor microenvironment, and EMT interacted with each other and were closely related to the tumor progression.[@b22-ott-11-1571],[@b23-ott-11-1571] It had been reported that Collagen Type I suppressed E-cadherin and promoted proliferation of pancreatic carcinoma cells,[@b24-ott-11-1571] and COL11A1 was associated with pancreatic and ovarian cancer by inducing EMT.[@b25-ott-11-1571],[@b26-ott-11-1571] According to our results, we hypothesized that high expression of COL10A1 promoting proliferation and invasion of CRC might relate to the EMT phenomenon. However, the mechanism of COL10A1 influenced on the EMT process is not clear and needs further study.

Of course, the limitations of this research are obvious. There is no research on the upstream transcription factor or downstream interaction protein of COL10A1, so the detailed molecular mechanism of COL10A1 in CRC has not been studied thoroughly. It had been reported that the Run2[@b27-ott-11-1571] and MEF2C,[@b28-ott-11-1571] even non-steroidal anti-inflammatory drugs,[@b29-ott-11-1571] might be involved in the regulation of COL10A1 expression, but the specific mechanism in CRC is unclear. This is also the focus and direction of our next research. The predictive value and impact on long-term outcomes of COL10A1 require further studies to confirm. Meanwhile, whether COL10A1 exerts a direct promoting effect on the CRC cells or plays a role by regulating other factors remains to be determined.

Conclusion
==========

Our study demonstrates that COL10A1 is overexpressed in CRC tissues and involves the proliferation, migration, invasion, and tumorigenesis process of CRC cells. Meanwhile, COL10A1 promotes the EMT process. High-level expression of COL10A1 can be considered as an independent risk factor of prognosis and OS in CRC. COL10A1 is likely to be a potential target gene for CRC therapy.
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![COL10A1 is overexpressed in CRC tissues. (**A**) Expression of COL10A1 in CRC patients was detected by Western blot assays, followed by gray value analysis. (**B**) COL10A1 expression levels of CRC and corresponding normal tissues detected by QPCR were shown using a histogram and pie chart. The fold change of COL10A1 expression (T/N).2 was defined as overexpressed. (**C**) IHC staining of COL10A1 protein in 30 pairs of CRC and nontumorous tissues and followed scores pie chart and average score analysis. \*\*\**P*\<0.001.\
**Abbreviations:** COL10A1, collagen type X alpha 1 chain; CRC, colorectal cancer; QPCR, quantitative polymerase chain reaction; T, tumor tissues; N, normal tissues; IHC, immunohistochemistry.](ott-11-1571Fig1){#f1-ott-11-1571}

###### 

COL10A1 promotes the migration and invasion of CRC cells in vitro. (**A**) The expression of COL10A1 in six cell lines was detected by QPCR and Western blot assays. (**B**, **C**) Transfection efficiency of LoVo, HCT116, SW480, and SW620 was detected by QPCR and Western blot assays. (**D**, **E**) Cell migration was tested using wound healing assay. (**F**, **G**) The cells' migration and invasion changes after transfection were tested by Transwell chamber migration assay and invasion assay. \*\**P*\<0.01, \*\*\**P*\<0.001.

**Abbreviations:** COL10A1, collagen type X alpha 1 chain; CRC, colorectal cancer; QPCR, quantitative polymerase chain reaction; NC, normal control.
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![Knockdown of COL10A1 inhibits cells proliferation in vitro and tumorigenesis in vivo. (**A**, **B**) Knockdown of COL10A1 repressed SW480 cells proliferation by CCK-8 assay and colony formation assay. (**C**) Cells were subcutaneously injected into the right flank of nude mice. Tumor volumes were repeatedly measured on the indicated days to evaluate the effects of COL10A1 on tumor growth. Data points are showed as the mean ± SD tumor volume. \*\**P*\<0.01, \*\*\**P*\<0.001.\
**Abbreviations:** COL10A1, collagen type X alpha 1 chain; CCK-8, Cell counting kit 8; SD, standard deviation; NC, normal control.](ott-11-1571Fig3){#f3-ott-11-1571}

![COL10A1 promotes the EMT process. The effect of COL10A1 in the EMT was detected by Western blot assay. E-cadherin, N-cadherin, Beta-catenin, Slug, and Snail were detected after successful transfection.\
**Abbreviations:** COL10A1, collagen type X alpha 1 chain; EMT, epithelial--mesenchymal transition; NC, normal control.](ott-11-1571Fig4){#f4-ott-11-1571}

![COL10A1 overexpression is correlated with adverse prognosis in CRC. (**A**) Tissue microarray analysis of COL10A1 in human CRC tissues. Original magnification, 100× and 200×. (**B**) Kaplan--Meier survival analysis of COL10A1 expression in patients with CRC (log-rank test).\
**Abbreviations:** COL10A1, collagen type X alpha 1 chain; CRC, colorectal cancer.](ott-11-1571Fig5){#f5-ott-11-1571}

###### 

Univariate and multivariate analyses of different prognostic factors in 197 patients with CRC in tissue microarray

  Variables               Cases   Univariate analysis[\*](#tfn1-ott-11-1571){ref-type="table-fn"}   Multivariate analysis[\*](#tfn1-ott-11-1571){ref-type="table-fn"}                       
  ----------------------- ------- ----------------------------------------------------------------- ------------------------------------------------------------------- ------------------- ---------
  Gender                          1.02 (0.56--1.85)                                                 0.951                                                                                   
   Male                   121                                                                                                                                                               
   Female                 76                                                                                                                                                                
  Age (years)                     1.19 (0.67--2.13)                                                 0.554                                                                                   
   \<60                   104                                                                                                                                                               
   ≥60                    93                                                                                                                                                                
  BMI                             1.09 (0.61--1.95)                                                 0.764                                                                                   
   \<23                   108                                                                                                                                                               
   ≥23                    89                                                                                                                                                                
  Tumor size (diameter)           2.10 (1.18--3.76)                                                 0.012                                                               1.50 (0.81--2.77)   0.195
   ≤4 cm                  122                                                                                                                                                               
   \>4 cm                 75                                                                                                                                                                
  Differentiation                 2.22 (1.13--4.38)                                                 0.021                                                               1.38 (0.69--2.74)   0.365
   Well/moderate          169                                                                                                                                                               
   Poor                   28                                                                                                                                                                
  Invasion degree                 3.20 (1.26--8.09)                                                 0.014                                                                                   
   Within the serosa      49                                                                                                                                                                
   Breakthrough serosa    148                                                                                                                                                               
  Nodal metastasis                3.25 (1.77--5.96)                                                 \<0.001                                                                                 
   N0                     119                                                                                                                                                               
   N1/N2                  78                                                                                                                                                                
  M stage                         7.20 (3.92--13.21)                                                \<0.001                                                                                 
   M0                     175                                                                                                                                                               
   M1                     22                                                                                                                                                                
  AJCC stage                      5.13 (2.60--10.11)                                                \<0.001                                                             4.71 (2.36--9.39)   \<0.001
   I/II                   113                                                                                                                                                               
   III/IV                 84                                                                                                                                                                
  COL10A1 expression              2.28 (1.28--4.06)                                                 0.005                                                               2.04 (1.11--3.74)   0.022
   Decreased expression   129                                                                                                                                                               
   High expression        68                                                                                                                                                                

**Note:**

Cox regression model (method = Enter).

**Abbreviations:** HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; COL10A1, collagen type X alpha 1 chain.
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